I. INTRODUCTION
In the following 502 pristine handwritten words is described the greatest electrical engineering invention of the twentieth century-a revolutionary invention by W. B. Shockley ( Fig. 1 ) that ushered in the silicon age. The original notebook pages are shown in Fig. 2 .
High Power Large Area Semi-Conductor Valve The device employs at least three layers having different impurity contents. Suppose there are two layers of N separated by a thin layer of P. Such a device may be produced by evaporation. Ohmic contacts are made to all three layers. Such a structure is indicated diagrammatically on the left.
Under the operating conditions is the emitter; , the control; and , the collector. Modulation by is effected as follows.
In the diagram the potential energy of electrons is shown in the customary way. It is to be observed that there is a potential barrier over which electrons must climb in order to go from to . This barrier is produced by the acceptor impurities in the Player. The P-layer is so thin or so slightly excess in P impurities that it does not produce a very high potential barrier. If now a positive potential is applied at , whose contact is such that holes flow easily into the P-layer, these holes will flow into and throughout the P layer thus lowering its potential for electrons. This will increase the flow of electrons over the barrier exponentially. Since the Manuscript received July 2, 1997; revised September 25, 1997 . The author is with the Avionics Hardware Branch, NASA Johnson Space Center, Houston, TX 77058 USA.
Publisher Item Identifier S 0018-9219(98)01602-8. region to the right of the P layer is being operated in the reverse direction, practically all of the electrons crossing the barrier reach it so that the output is essentially high impedance. This will lead to voltage and power gains. Some current will be drawn by control electrode. However, this will be small compared to the modulated current so long as the concentration of holes in the P-layer is small compared to the concentration of electrons in the high concentration region to the left of the P-layer.
This device can be made into a structure of arbitrary extent in various ways. For example, we can evaporate a layer of N; then a half layer of P; then a grid of metal; the other half layer of P; the second layer of N and the final metal electrode. In 0018-9219/98$10.00 © 1998 IEEE PROCEEDINGS OF THE IEEE, VOL. 86, NO. 1, JANUARY 1998 this way a structure such as that shown to the left can be produced. It should be noted that a particularly novel feature is involved in this device. The current path for the carriers of charge lies through material in which the impurities are predominantly of the same sign (i.e., electrons flow thru a region where the impurities are predominantly negatively charged acceptors in the example shown). The net charge in this region is varied by introducing carriers of the opposite sign so as in effect to change the high resistance region in the direction of P-type toward N-type.
In order to obtain ohmic contact it may be desirable to introduce a large concentration of impurities near the metal semiconductor interfaces.
It may also be desirable to concentrate the electron current paths between the grid wires. This may be done by evaporating insulating layers as indicated below. The location of excess impurity layers is also shown. An approximate expression of Shockley's creativity throughout his professional career as quantified by his yearly patent applications filed and later issued is shown in Fig. 3 .
The brilliant revolutionary conception of the junction transistor by Shockley, as shown in Fig. 2 , first appeared in a patent application filed on June 26, 1948 (Fig. 4) , which was issued in September 1951 (Appendix 1, [12] ) and received rigorous mathematical expression in July 1949 (Appendix 2, [34] ). In July 1951, the junction transistor became a reality as shown in Fig. 5 . Eight years later, in January 1956, the junction transistor, already grown in importance, appeared in the new form of a diffused emitter diffused base silicon junction transistor [2] that could now be fabricated in a batch process, thus being ready for rapid commercialization. The silicon revolution was already on.
A list of 90 patents of Shockley's has been assembled, along with a list of 156 papers and two books, which are presented in Appendixes 1 and 2, respectively. Shockley lived to age 79. Here, we divide his lifetime into six time spans, each of which is briefly described in a section in this paper. In his famous 1976 paper (Appendix 2, [155] ), Shockley mentions having some 90-odd patents. This implies that there may be a few more that we do not have listed here. An exhaustive search has not yet been conducted on his patents nor on the list of his published papers in physical sciences.
Shockley's technical contributions are enormous, and a comprehensive discussion of these would require a large amount of time and space that is beyond the scope of this short review. Listing most of his technical publications in one place, however, facilitates detailed study and evaluation by future historians. In this paper, important facts and trends have been skimmed in time sequence to ascertain and evaluate certain major events. For example, from the patent filing structure, one can find how the idea of going into business evolved in Shockley's mind, what the commercial products were that he pursued, and how and why those pursued ideas did not converge toward a sustained successful business venture. Shockley (1910 Shockley ( -1989 The objective of producing useful devices has strongly influenced the choice of the research projects with which I have been associated. It is frequently said that having a more-or-less specific practical goal in mind will degrade the quality of research. I do not believe that this is necessarily the case and to make my point in this lecture I have chosen my examples of the new physics of semiconductors from research projects which were very definitely motivated by practical considerations. . . .
II. THE EARLY YEARS
My decision to come to Bell Telephone Laboratories immediately after obtaining my Ph.D. in 1936 was strongly influenced by the fact that my supervisor would be C. J. Davisson. Upon my arrival I was assigned by Dr. M. J. Kelly to an indoctrination program in vacuum tubes. In the course of this program Dr. Kelly spoke to me of his ideal of doing all telephone switching electronically instead of with metal contacts. Although I did not choose to continue work on vacuum tubes and was given freedom to pursue basic research problems in solid-state physics, Dr. Kelly's discussion left me continually alert for possible applications of solid-state effects in telephone switching problems. Insofar as my contribution to transistor electronics has hastened the day of a fully electronic telephone exchange, it was strongly stimulated by the experiences given me during my early years at the Laboratories.
These statements defined the guiding force behind Shockley's professional research career in the semiconductor field.
Shockley's technical activities at BTL actually began with work on electron multipliers ( Shockley had seven patents filed and six issued during this time span. His inventive mind left its mark on the important technical area that he was involved in.
During the Second World War, Shockley invented a precision-guided bombing system and received a patent (Appendix 1, [47] ) after the war under the title "Radiant Control System" that employed his previously invented electron multiplier tube (Appendix 1, [1] - [4] ). The schematic of Shockley's invention is shown in Fig. 7 .
Shockley invented several versions of the electron multiplier tubes (Appendix 1, [1] , [2] , [4] ). His other inventions of this period involved work in ultrahigh-frequency range (Appendix 1, [6] ) and precise radio locations of naval vessels like ships and submarines (Appendix 1, [5] ).
A. Shockley's Rendezvous with the Bengal Famine (October-December 1944)
During October-December 1944, Shockley spent some time in India as a civilian attached to the U.S. Army-Air Force 20th Bomber Command in Kharagpur, near Calcutta. While there, he witnessed the final stages of the horrors of the Bengal famine of 1943-1944, the artificial famine induced by World War II in which approximately 3 million poor people from the rural areas, coming to the city in search of food, died of starvation in the streets of Calcutta [3] . Scared by the fall of Singapore in 1942 and Burma in 1943, the Allied forces in the Indo-Burma theatre of the Second World War, in preparation for a possible long battle ahead, suddenly withdrew food supply (rice) from the market, purchasing at a higher price and thus creating a severe artificial shortage and causing a sixfold increase in the price of rice at a time when the harvesting was good under normal weather conditions. The poor found their access to food cut off as the prices were beyond reach. Practicing as he preached, defiance in defeat, W. Churchill made no mention of this colossal human tragedy in his magnum opus [4] , for which he received the Nobel Prize in literature in 1953.
Although it is not clear whether Shockley ever realized the artificial nature of the war-induced famine, he was utterly devastated by this experience in human tragedy. Highly sensitive to humanitarian concerns, Shockley's thoughts and activities during the last third of his life were triggered and shaped by this wartime experience [5] .
IV. SHOCKLEY AT BELL TELEPHONE LABORATORIES-SEMICONDUCTOR DEVICE RESEARCH (SEPTEMBER 1945 -AUGUST 1955 From September 1945 to August 1955, Shockley provided the leadership in semiconductor devices research at BTL. This ten-year period was the most productive time in his professional life and one of the most important times in the history of technological revolution. Shockley's publications during this period (Appendix 2, [18] - [74] ) show that he was involved simultaneously with several important ideas and projects.
A picture of Shockley with a transistor and a vacuum tube appears in Fig. 8 . During this ten-year period, Shockley filed 39 patent applications that were issued, 36 of which were in the transistor area. These patents on transistor devices, processes, and circuits formed the foundation from which the transistor revolution began.
Shockley's transistor-related patents can be loosely classified into five categories. These include: These patents are very briefly described below.
A. The Semiconductor Device Patents
Shockley is known worldwide as the inventor of the bipolar junction transistor and the unipolar junction transistor or junction field-effect transistor. Shockley also invented semiconductor negative resistance devices, switching transistors, and semiconductor infrared energy sources, which are outlined next.
1) The Original Junction Transistor Patents: Shockley's first application for a patent in the semiconductor field is his most famous junction transistor patent (Appendix 1, [12] ) based on his revolutionary invention of the minority carrier injection concept in bipolar transistor action on January 23, 1948 . The application for the first junction transistor patent was filed on June 26, 1948 . This original patent application was divided and continued in part to produce two additional patents (Appendix 1, [14] , [21] claims, including an additional layer in the collector region, whereas the third patent (Appendix 1, [21] ) (filed May 28, 1949), included additional claims on semiconductor oscillator circuits based on the junction transistor.
Before the first junction transistor patent was issued, two of Shockley's other semiconductor amplifier patents (Appendix 1, [8] , [9] )-both of whose applications were filed on September 24, 1948, after some important experiments (including the famous Shockley-Haynes experiment) were conducted and one of which was coauthored by G. L. Pearson-were issued on April 4, 1950, some six months before the original point-contact transistor patent of J. Bardeen and W. Brattain was issued [6] .
Shockley's first issued single-author transistor patent (Appendix 1, [9] ) is a hybrid transistor consisting of a collector-base p-n junction with a point-contact emitter. In another patent (Appendix 1, [13] ), filed also on September 24, 1948, Haynes and Shockley described the invention of the early hybrid transistor with controlled carrier transit times. Fig. 9 depicts an important invention of a transistor (Appendix 1, [15] ) with a "hook collector" that could provide an intrinsic current multiplication factor of greater than unity. This invention was created with M. Sparks and is described in U.S. Patent 2 623 105 (filed September 21, 1951) . It is directly related to Shockley's later invention of the four-layer p-n-p-n switching diode.
2) The Unipolar Junction Transistor (UJT) Patents: With the motivation to improve the high-frequency characteristics of junction transistors, Shockley invented the unipolar junction transistor or junction field-effect transistor (Ap- pendix 1, [27] ), where the majority carrier is the dominant current carrier that decreases the carrier transit delay. The original UJT patent (U.S. Patent 2 744 970) was filed on August 24, 1951 . Further improvements on the performance of the UJT are contained in two additional patents (Appendix 1, [31] , [35] ). In U.S. Patent 2 764 642 (filed October 31, 1952), UJT characteristics are made uniform and more reproducible by constructing the space between the source and drain zones as smaller and accurately controllable. In U.S. Patent 2 778 885 (also filed October 31, 1952), UJT input-output relations are made more controllable and stable by constructing the portion of the N-type semiconductor body adjacent to the drain more strongly N-type to suppress the flow of minority carriers from there.
3) Semiconductor Negative Resistance Device Patents: One important subject that fascinated Shockley throughout his transistor career was the negative resistance phenomenon in semiconductor devices arising out of carrier transit time delay. His invention of the negative resistance device and its applications are described in U.S. Patents 2 775 658 (Appendix 1, [33] ) and 2 794 864 (Appendix 1, [38] ). The invention of the high-frequency version of the negative resistance device is described in U.S. Patent 2 794 917 (filed January 27, 1953) (Fig. 11) . Further applications and refinements are described in U.S. Patent 2 772 360 (filed February 11, 1954) (Fig. 10) and, on its high-frequency version, in U.S. Patent 2 852 677 (filed June 28, 1955)-the last patent filed from this ten-year BTL period of Shockley's semiconductor device research.
4) The Infrared Energy Source Patent: In U.S. Patent 2 683 794 (filed December 27, 1951), Shockley, along with coinventors Briggs and Haynes, described the invention of a new infrared energy source based on hole-electron recombination in germanium and silicon p-n junctions. Housed in a cryogenic Dewar flask to remove thermal effects, the infrared source had specific narrow spectral lines related to the band-gap energies in the specific semiconductors.
Work along these lines during the next ten years with compound semiconductors led to the invention of p-n junction light-emitting diodes and solid-state laser diodes.
B. The Device Performance Improvement Patents
Four of Shockley's transistor patents (Appendix 1, [20] , [28] , [37] , [40] ) were devoted to improving the performance 
C. The Process Patents
Shockley made original contributions toward the conception and realization of junction transistors employing the diffusion process and ion-implantation process, the two most important processes of fabricating discrete transistors and monolithic integrated circuits. 
1) Diffusion Process:
The application of the diffusion process in creating junction transistors was first described in Shockley's original patent (Appendix 1, [12] ) application of June 26, 1948.
Shockley's inventive contributions toward practical realization of transistors using the diffusion process are primarily contained in three patents (Appendix 1, [41] , [44] , [65] ). In U.S. Patent 2 816 847 (filed November 18, 1953), Shockley proposed coating the semiconductor crystal with a thin layer of the impurity material and then fabricating a thin layer of the desired type (n or p) by heating the surface with an electron beam, causing diffusion of the impurity material in designated areas by the correct amount. In U.S. Patent 2 868 678 (filed March 23, 1955 ), Shockley proposed the method of forming large-area p-n junctions using a diffusant impurity element in a suitable carrier to improve the high-frequency performance of the resulting transistors. In U.S. Patent 3 028 655 (filed March 23, 1955 ), Shockley proposed providing a proper concentration gradient of impurity atoms in the base region for high-frequency operations. 2) Ion-Implantation Process: Shockley is known as the inventor of the ion-implantation process for fabricating junction transistors (Appendix 1, [36] ). Long before this patent application (U.S. Patent 2 787 564) was filed on October 28, 1954, Shockley first proposed the fabrication of junction transistors using nuclear bombardment (Fig. 12 ) of deuteron and alpha particles (Appendix 1, [18] ). That patent application (U.S. Patent 2 666 814) was filed on April 27, 1949 , about a year before the first functioning alloy junction transistor came into existence.
D. The Circuit Application Patents
During this time period, Shockley had filed for and obtained 11 patents that belonged to the circuit applications category. The first patent (Appendix 1, [11] ) (filed April 27, 1950) , is on a new acoustic transducer based on the Suhl effect that deals with the effect of magnetic field on the charge carrier flow through a semiconductor bar with possible applications in microphones. Shockley is 
E. The Modified Crystal Growing Patent
In U.S. Patent 2 730 470 (filed June 15, 1950), Shockley proposed (Appendix 1, [26] ) a method of producing single crystals of germanium successive zones of N and P conductivity types, respectively, wherein the conductivity of each zone is graded with respect to the p-n junction between the two zones.
In addition to the above-mentioned patents, Shockley's other inventions include U.S. Patent 2 654 059 for making good base connections (Appendix 1, [16] ) in a junction transistor (filed May 26, 1951) .
In U.S. Patent 2 696 565 (filed November 6, 1952), an electrooptical control system is described (Appendix 1, Two specific things in semiconductor devices had fascinated Shockley throughout his active career in the transistor field. One is the n-p-n/p-n-p transistor combination, on which he invented a bistable circuit, and the other was the negative resistance phenomenon in semiconductor devices arising out of carrier transit time delay. Theoretical and experimental works on these two subjects led to the invention of the Shockley diode, the p-n-p-n four-layer device whose enormous commercial potential perceived at that time led Shockley to venture into business activities in California.
V. SHOCKLEY'S CALIFORNIA BUSINESS VENTURE (SEPTEMBER 1955-AUGUST 1963)
Shockley's decision to leave BTL to get personally involved in the commercialization of his transistor inventions is an epoch-making event in the history of the technological revolution in the second half of the twentieth century, as it directly led to the emergence of the silicon transistor industries in the San Francisco Bay area now popularly known as Silicon Valley. An authentic presentation and analysis of the sequence of events is of immense historical interest.
In I would like you to try to invent new circuit applications for a device which we are considering manufacturing. This device is a two-terminal semiconductor device similar in operating characteristics to the NPN plus PNP transistor combination which I have previously invented. This device can act as a cross point and perform circuit functions similar to gas discharge tubes. However, its superior ratio of breakdown to sustain voltage will enable it to operate in some cases where gas discharge tubes cannot. For this reason, it seems probable that previously insolvable switching problems will now be solvable. We are eager to obtain a good patent position with respect to applications of this device and I should like to obtain your consulting services to whatever degree you and I agree to be appropriate in periodic discussions.
Such inventions as you do make will be the property of the Shockley Semiconductor Laboratory, and we shall expect you to assist us in obtaining patents on such applications at our expense.
Since the decision to pursue such a device actively is an important one for our company, you will of course understand that we do not wish knowledge of our interest in this device to go to individuals who have not signed a patent agreement with us.
Toward this end, he applied for a patent describing its application as a telephone-line cross-point switch. This was the first patent that he applied for soon after coming to California in September 1955. This important patent is shown in Fig. 15 . Shockley within the first year assembled a group of first-class scientists. Two pictures depicting this group of scientists and other support personnel are shown in Figs. 16 and 17. They had assembled to celebrate Shockley's winning the Nobel Prize in physics in 1956, which he shared with Bardeen and Brattain. Fig. 18 shows Shockley along with his mother and wife en route to Stockholm to receive the Nobel Prize. Fig. 19 shows the award ceremony.
A picture of the real Shockley diode is shown in Fig. 20 . Shockley invented another use of the diode in the form of a novel shift register (Appendix 1, [50] , [56] ), which is shown in Fig. 21 .
The shift register patent (Appendix 1, [56] ) carries the idea of a monolithic digital circuit and is the first patent describing the dawn of the monolithic idea in the evolution process of monolithic integrated circuits [10] , [11] . The historic timeline of the evolution of the monolithic integrated circuit is shown in Fig. 22 . The patent itself is shown in Fig. 31 .
Shockley began manufacturing and selling Shockley diodes in 1958-1959. In applications involving solid-state circuits, however, this two-terminal device came in direct competition with Shockley's very own junction transistors manufactured by several companies within the United States. Shockley as the inventor remained enchanted by the elegance and commercial potential of this two-terminal device, but its large-scale manufacture with reproducible characteristics continued to be difficult. The following letter, a copy of which was sent to Shockley, poignantly describes why the Shockley diode was not commercially successful. They have made the decision to abandon Shockley diodes in this project. In going through their circuitry, they found that 100 of the Shockley units failed with the temperature increased to their top limit. I believe these failures were failure to turn off. Also, they found that the holding current drifted for 100 units to a point where it was intolerable. 50 of the above 200 units were overlapping so that a total of 150 units were unusable.
At this point, they decided that rather than replace these units, they would redesign the entire system. This, of course, is very unfortunate from our standpoint as well as theirs. It requires the redesign of all the boards, as well as new boards.
To make the cheese more binding, they find that by using transistors at today's fallen prices, they can do it less expensively than they could with Shockley diodes. They are buying a G.E. transistor for $0.90 each.
Best regards, (Len Winters) During this eight-year period, Shockley remained a prolific inventor and filed applications for 35 patents, which were duly granted (Appendix 1, [43] , [45] , [46] , [48] , [50] - [64] , [66] - [80] , [82] ). The contents of all of these inventions are not discussed here. Some are described, however, in Figs. 24-28. As seen in Fig. 27 , Shockley's attention during this eight-year period was focused also on p-n-junction-based high-efficiency solar-cell design that found ready applications in satellite systems as well as in pocket calculators developed in later years.
Two years into its operation, a group of eight scientists from Shockley Semiconductor Laboratory left to start a new company to manufacture and sell Shockley's greatest invention: the junction transistor. It came into existence as Fairchild Semiconductor in the middle of September 1957. The mastermind of this effort was G. E. Moore [7] , [8] . This development of the creative fission process is one of the most important technological events of the twentieth century and the first one in a periodic series that created Silicon Valley [9] .
Immediately after arriving in California, Shockley began assembling the scientists to carry out the transistor research and development work. The most important scientist for the chemically based electronic device that is the transistor is the physical chemist. Shockley wanted M. Sparks, who brought into existence the first junction transistor, to come to California and join him. But Sparks was happy with BTL and did not leave. Shockley also wanted M. Tanenbaum to join him in California. Tanenbaum had just brought into existence the diffused emitter and base silicon transistors [2] that provided a major technological breakthrough toward realization of batch-fabricated silicon junction transistors. In October 1955, Shockley engaged his friend J. Rabinow Fig. 23(a) ].
When Moore joined the Shockley Semiconductor laboratory, he had no prior involvement with transistors. Moore was in knowledge-acquisition mode when he discovered shortly that in a research project that Shockley had initiated in a corner of his laboratory, Shockley had divided his small research group into two subgroups, of which only one was authorized to know what was going on there and the other was not. This situation made Moore very unhappy, as he was being placed in the latter group. This event acted as the catalyst in the process that eventually led to his departure from Shockley Semiconductor [12] in September 1957 along with seven others, including Noyce [ Fig. 23(b) ], the physicist who provided the technical leadership with his greater knowledge of the transistor manufacturing process. -FEBRUARY 1975 In August 1963, Shockley was appointed to the Alexander Poniatoff Chair as professor of engineering science at Stanford University. As mentioned, he remained a consultant to the Shockley Transistor unit of the Clevite Corporation for the next two years until 1965, when the unit was sold to ITT. The research works in the semiconductor field and other areas are described in Appendix 2, [130] - [154] . From the work done during the two-year period September 1963-August 1965, Shockley filed and obtained four patents (Ap- pendix 1, [81] , [83] , [84] , [86] ). One of these (Appendix 1, [81] ) discusses methods of improving the performance of four-layer p-n-p-n diodes by making them immune to degrading surface conditions affecting the breakdown voltage and leakage currents (Fig. 28 ). Shockley indeed did his level best to the end to make the Shockley diodes work reliably. The second patent (Appendix 1, [83] ) describes the invention of a surface-controlled avalanche transistor for high-frequency, high-power operation in which the control terminal draws no current. Another invention is a noise diode (Appendix 1, [84] ), which provides a stable noise output from an avalanche diode and is insensitive to temperature variations. The fourth invention (Appendix 1, [86] ) is a transistor for high-frequency operation wherein, as the title indicates, current is carried by the same type of carrier in all said regions.
VI. STANFORD UNIVERSITY YEARS (SEPTEMBER

A. Shockley at Bell Telephone Laboratories:
The Later Years (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) The patent in Appendix 1, [85] is a stable improved piezoelectric resonator. The patent in Appendix 1, [90] is for transistor-operated chopper devices and circuits, taken out with one of his students.
In 1965, Shockley renewed his association with BTL as an executive consultant. In that capacity, he became involved with research and development work for thin-film magnetic bubble memory systems. He was a coinventor of three patents issued on the subject (Appendix 1, [87] - [89] ). The patent that involved the design of a thin-film magnetic bubble shift register for applications in the computer field is shown in Fig. 29 . to the Conception of the Junction Transistor" (Appendix 2, [155] ), which provided an authoritative account of the circumstances leading to the creation of the most important electronic device of the twentieth century.
VII. SHOCKLEY'S LATER YEARS (MARCH
VIII. SHOCKLEY'S PLACE IN THE HISTORY OF SCIENCE AND TECHNOLOGY
Shockley was one of a kind, a unique, one-man institution (Fig. 30) .
The junction transistor, Shockley's epoch-making invention, ushered in the semiconductor revolution. Eighteen years of his professional life were directly spent in the research, development, and commercialization work on transistors. Shockley's decision to go to California to commercialize his inventions and the commercial potential of the junction transistor together created what is now popularly known as Silicon Valley in the San Francisco Bay area.
Shockley's uncanny ability to recognize talent in others, finding the best in people and engaging them in semi- conductor research and development, has made a lasting contribution to the accelerated progress of the semiconductor revolution and left his distinct mark long beyond his active involvement in the arena.
From his final years (1935) (1936) at MIT, Shockley knew Bardeen and recognized his talent and training in electrical engineering and physics. When Shockley was appointed head of the semiconductor physics group at BTL in September 1945, one of his first acts was to invite and recruit Bardeen to his group. Working on Shockley's field-effect amplifier problem, Bardeen came up with the surface-state theory to explain the problems involved. His collaboration with the experimentalist Brattain quickly led to the unexpected experimental discovery of the pointcontact transistor. Working slightly more than two years on an important problem given him by Shockley, Bardeen made a pivotal contribution leading to the discovery of the point-contact transistor, which won him the first Nobel Prize in physics.
In life, being intelligent is not always enough; being there is often of paramount importance. Bardeen gratefully The years at Bell Labs when John worked closely with Bill were among the most exciting and productive of our lives.
His memory will live on as one of the great scientists of our age.
In Japan, after the devastation of the Second World War came the time for reconstruction and rejuvenation. The invention of the junction transistor right after World War II signalled the arrival of a new technological revolution. The Sony Corporation bought the license from Western Electric (the manufacturing arm of BTL) for $25 000 and began manufacturing junction transistors, applying them to radios and television sets, transforming, and growing rapidly into a giant electronics firm. Its formidable presence in the consumer and entertainment electronics arena is felt from every corner of the globe. We will let Sony's founder and honorary chairman, M. Ibuka, then have the last word on the scientist from whom it all originated:
We, those who are involved in electronics industry, are all deeply indebted to him for his great invention of the transistor, which made possible today's electronics industry. Without his achievements, today's world may have been totally different. We shall always remember and appreciate his devotion to the whole industry. [6] W. Shockley, "Ultra high frequency electronic device," U.S. Patent 2 409 227, Oct. 15, 1946. [7] , "Pulse generator," U. , "Differential altimeter," U.S. Patent 2 509 889, May 30, 1950. [11] , "Acoustic transducer utilizing semiconductors," U.S. Patent 2 553 491, May 15, 1951 . [12] , "Circuit element utilizing semiconductive materials," U.S. Patent 2 569 347, Sept. 25 , "Bistable circuits including transistors," U.S. Patent 2 655 609, Oct. 13, 1953 . [18] , "Semiconductor translating device," U.S. Patent 2 666 814, Jan. 19, 1954 . [19] , "Transistor amplifier," U.S. Patent 2 666 818, Jan. 19, 1954 . [20] , "Semiconductor translating device," U.S. Patent 2 672 528, Mar. 16, 1954 . [21] , "Circuit element utilizing semiconductive materials," U.S. Patent 2 681 993, June 22, 1954 , "Circuits, including semiconductor device," U.S. Patent 2 714 702, Aug. 2, 1955. [25] , "Transistor circuits with constant output current," U.S. Patent 2 716 729, Aug. 30, 1955 . [26] , "Method of making semiconductor crystals," U.S. Patent 2 730 470, Jan. 10, 1956 . [27] , "Semiconductor signal translating devices," U.S. Patent 2 744 970, May 8, 1956 . [28] , "Semiconductor signal translating devices," U.S. Patent 2 756 285, July 24, 1956 . [29] , "Frequency selective semiconductor circuit elements," U.S. Patent 2 761 020, Aug. 28, 1956. [ 30] , "Semiconductor circuit controlling device," U.S. Patent 2 763 832, Sept. 18, 1956 . [31] , "Semiconductor signal translating devices," U.S. Patent 2 764 642, Sept. 25, 1956 . [32] , "Negative resistance device application," U. , "Semiconductor signal translating devices," U.S. Patent 2 778 885, Jan. 22, 1957 . [36] , "Forming semiconductive devices by ionic bombardment," U.S. Patent 2 787 564, Apr. 2, 1957. [37] , "Semiconductor signal translating devices," U.S. Patent 2 790 037, Apr. 23, 1957 . [38] , "Nonreciprocal circuits employing negative resistance elements," U.S. Patent 2 794 864, June 4, 1957. [39] , "High frequency negative resistance device," U.S. Patent 2 794 917, June 4, 1957. [40] , "Semiconductive device," U.S. Patent 2 813 233, Nov. 12, 1957. [41] , "Method of fabricating semiconductor signal translating devices," U.S. Patent 2 816 847, Dec. 17, 1957 . [42] , "High frequency negative resistance device," U.S. Patent 2 852 677, Sept. 16, 1958 . [43] , "Semiconductive switch," U.S. Patent 2 855 524, Oct. 7, 1958. [44] , "Method of forming large area P-N junctions," U.S. Patent 2 868 678, Jan. 13, 1959. [ 45] , "Negative resistance semiconductive device," U.S. Patent 2 869 084, Jan. 13, 1959 . [46] , "Method for growing junction semiconductive devices," U.S. Patent 2 879 189, Mar. 24, 1959 . [47] , "Radiant energy control system," U.S. Patent 2 884 540, Apr. 28, 1959 . [48] , "Semiconductive material purification method and apparatus," U.S. Patent 2 890 139, June 9, 1959. [49] , "Transistor switch," U.S. Patent 2 891 171, June 16, 1959. [50] , "Shifting register," U.S. Patent 2 912 598, Nov. 10, 1959. [51] , "Crystal growing apparatus," U.S. Patent 2 927 008, Mar. 1, 1960. [52] , "Semiconductor amplifying device," U.S. Patent 2 936 425, May 10, 1960. [53] , "Semiconductive device and method," U.S. Patent 2 937 114, May 17, 1960. [54] , "P-N junction having minimum transition layer capacitance," U.S. Patent 2 953 488, Sept. 20, 1960 . [55] , "Grain boundary semiconductor device and method," U.S. Patent 2 954 307, Sept. 27, 1960. [56] , "Semiconductor shift register," U.S. Patent 2 967 952, Jan. 10, 1961. [ 62] , "Method of making a semiconductive switching array," U.S. Patent 2 994 121, Aug. 1, 1961. [63] , "Semiconductive device and method of operating same," U.S. Patent 2 997 604, Aug. 22, 1961 . [64] , "Semiconductor devices," U.S. , "Semiconductive wafer and method of making the same," U.S. Patent 3 044 909, July 17, 1962. [68] , "Reverse breakdown diode pulse generator," U.S. Patent 3 048 710, Aug. 7, 1962. [69] , "Method of growing silicon carbide crystals," U.S. Patent 3 053 635, Sept. 11, 1962. [70] , "Trigger circuit switching from stable operation in the negative resistance region to unstable operation," U.S. Patent 3 058 009, Oct. 9, 1962. [71] , "Electrical component holder," U.S. Patent 3 076 170, Jan. 29, 1963 . [ 76] , "Field effect transistor having grain boundary therein," U.S. Patent 3 126 505, Mar. 24, 1964 . [ 82] , "Thermally stabilized semiconductor device," U.S. Patent 3 286 138, Nov. 15, 1966 . [83] , "Surface controlled avalanche transistor," U. 
